Plate-like cerium phosphates have attracted attention because of their unique UV-shielding ability with low photocatalytic activity and excellent comfort when applied on skin. Plate-like hydrated cerium phosphate, Ce 2 (PO 4 ) 2 HPO 4 . H 2 O, ca 3 µm in diameter, was obtained by the hydrothermal reaction of Ce(SO 4 ) 2 in H 3 PO 4 aqueous solution at 200 o C for 3 h. Ce 2 (PO 4 ) 2 HPO 4 . H 2 O transformed to CeP 2 O 7 -CePO 4 , mixture around 700 o C with the transcription of plate-like morphology. Plate-like CePO 4 and CeP 2 O 7 were also synthesized as single phase by heating plate-like Ce 2 (PO 4 ) 2 HPO 4 . H 2 O with cerium hydroxide and NH 4 H 2 PO 4 , respectively. Plate-like cerium phosphates showed excellent comfort, absorption ability of UV-light and lower oxidation catalytic activity than undoped ceria. The UV-shielding ability of them was in the order Ce 2 (
INTRODUCTION
The damaging effects of UV rays have attracted attention and various UV-shielding materials have been developed in response. Nanoparticles of titania (TiO 2 ), zinc oxide (ZnO) and calcia-doped ceria (Ce 1-x Ca x O 2-x ) have been commercially used as inorganic sunscreens in personal care products in order to improve the transparency in the visible light region. [1] [2] [3] [4] [5] [6] [7] However, nanoparticles of inorganic materials are not comfortable and do not provide good coverage over the skin because of the agglomeration of the particles. The plate-like particles such as mica, talc, etc. are often used to improve the comfort and covering ability of inorganic UV shielding nanoparticles. The mixing with mica and talc, however, generally results in a decrease in the UV-shielding performance since mica and talc do not possess UV-absorption ability. In a previous paper 8) we reported that the comfort of wearing calcia-doped ceria nanoparticles was successfully improved without loss of UV-shielding performance by using plate-like lepidocrocite type potassium lithium titanate, K 0.8 Li 0.266 Ti 1.734 O 4 , possessing the band gap energy of ca. 3.5 eV, i.e., the absorption ability of UV ray less than 350 nm of wavelength in stead of mica and talc. From the point of view of UV-shielding, the plate-like particles are required to show absorption ability of UV-ray less than 400 nm. Therefore, we searched the plate-like semiconductor particles possessing the band gap energy ca. 3 10, 11) . Therefore, in the present study we investigated the preparation of plate-like cerium phosphates with low oxidation catalytic activity by the morphology transcription of plate-like Ce 2 (PO 4 ) 2 HPO 4 . H 2 O precursor and the photochemical properties of the products were evaluated. The morphology of the product was observed using a scanning electron microscope (Hitachi, S-4100L). The phase constitution was characterized by X-ray diffraction (XRD) analysis using graphite monochromatized CuKα radiation (Shimadzu, XD-01). The UV-shielding abilities of samples were evaluated by measuring the transmittance spectra of thin films uniformly dispersing sample powders with an UV-Vis spectrophotometer (SHIMADZU, UV-2450), where 2 g of the sample, 4 g of nitrocellulose of industrial grade, 10 g of ethyl acetate and 9 g of butyl acetate were mixed uniformly by ball-milling using a plastic bottle of 50 cm 3 internal volume and 100 g zirconia ball, 2.7 mm in diameter for 40 h. The dispersion mixture was applied onto a quartz glass plate with an applicator. The thickness of the film was 12.5 µm. The catalytic activity for the oxidation of organic material was determined using a conductometric determination method (Rancimat system, Metrohm E679) 13 . One gram of the sample powder was mixed with 10 g of castor oil and heated to 120 o C while bubbling air at 0.5 dm 3. min -1 , where the air was introduced into distilled water attached to an electric conductivity measurement cell.
MATERIALS AND METHODS
The catalytic activity was evaluated by measuring the increase in the conductivity of distilled water resulting from trapping of volatile molecules formed by the oxidation of castor oil on heating. The feeling of wearing the sample powder on skin was evaluated using a friction tester (Katotech, KES-SE) which employs a piano wire as a friction element and artificial leather as a substrate (Idemitsu Technofine Co., Sapurare ®), where the sample powder was applied on the artificial leather using a make-up brush. 1(b) ) as shown in a previous paper 10 . As-expected, 4 and CeP 2 O 7 were more than 40 h. These values were much longer than that of CeO 2 nanoparticles, i.e., 3 h, indicating that the oxidation catalytic activities of these cerium phosphates were much lower than that of Ce 0.8 Ca 0.2 O 1.8 . It is a great advantage when they are used for cosmetics material.
RESULTS AND DISCUSSION
In order to evaluate the comfort of applying sample powder to skin, the kinetic friction coefficients (µ) of the artificial leather before and after applying various sample powders on were determined using a friction tester, where the relationship among the friction force (f), kinetic friction coefficient (µ) and applied force (N) to the material after moving can be written as follw.
f = µN
The results are shown in 4 showed much lower kinetic friction coefficient than titania nanoparticels which was used as a reference material. CeP 2 O 7 particles showed a a little higher kinetic friction coefficient, probably due to the partial collapse of plate-like morphology (see FIGURE 2(d) ), but the value was still much lower than that of titania nanoparticles. Therefore, it may be expected that all of plate-like cerium phosphate, Ce 2 (PO 4 ) 2 
